Although previous studies have demonstrated impressive changes in the metabolic pattern of animals and human beings"'2 during starvation, little has as yet been learned about the mechanisms of these changes. The present study was designed in an attempt to obtain information regarding the function of the adrenal gland during starvation and during the early phases of realimentation.
water (100:70:30). The only steroid known to occur in human plasma with these characteristics is cortisol.
The reproducibility of the method for measuring cortisol in plasma is such that differences of more than 20 per cent are probably significant at the 5 per cent level. Considerable spontaneous variation in the plasma cortisol concentration occurs in any given individual from day to day. In our experience, however, the early morning concentrations observed in normal individuals do not fall outside the limits of normal-i.e., 3.5 to 15 Ag per 100 ml.' Ultrafiltrability of cortisol was measured according to Upton and Bondy.' Urinary 17-ketosteroids were determined on 24-hour specimens, which were hydrolyzed at 37°C. for four days using 300,000 units of beef beta glucuronidase in acetate buffer, ionic strength, 0.20, pH 4.5, then adjusted to pH 1 with 50 per cent sulfuric acid and extracted in a recirculating hydrolysis-extraction apparatus with redistilled ether for 48 hours at 30°C. The ether extract was washed with 10 per cent NaOH until the pigment was removed and then with distilled water until neutral.
The remaining water fraction was hydrolyzed by boiling for 30 minutes in 5 per cent sulfuric acid and extracted twice with equal volumes of redistilled ether, which was washed as above. The two ether fractions were combined, evaporated to dryness and stored at room temperature until fractionation by the gradient elution technique of Lakshmanan and Lieberman.' Aliquots of the fractions were analyzed by the Zimmerman reaction. The 17-ketosteroid peaks were tentatively identified by their position and their presumed nature confirmed by infrared and sulfuric acid absorption spectra. The infrared spectra were determined in carbon disulfide in a Perkin-Elmer 21 double beam infrared spectrophotometer and compared with authentic crystalline standards. Sulfuric acid chromogen spectra were examined on all 11-deoxy compounds to determine the percentage of each peak which was composed of the A9 dehydration "artifact."' The values calculated from the binary mixtures were subtracted from the earlier peaks and added to the appropriate 11-oxygenated peaks.
Total urinary corticoids were analyzed as ketogenic steroids by the method of Before the present studies were undertaken, repeated samples of urine were examined for 17-ketosteroid fractions in subjects R.N. and A.N. Other normal subjects also were studied repeatedly and it was on the basis of these studies that estimates of reproducibility were made. An approach which is often used to reduce the variability of steroid excretion is to pool the urine obtained over a period of several days, thus averaging out the daily variations in excretion. The rapidity of metabolic changes in our subjects, however, made this approach undesirable, since the pooling of several days' samples might have obscured the pattern of changes. A large part of the variability of steroid excretion in daily studies arises from the difficulty of obtaining accurate and complete urine collections. In the present study all three subjects were experienced and cooperative. With such subjects the urine collections were accurate enough to minimize the error from this source, and the decision was therefore made to analyze selected 24-hour collections rather than pools.
Our experience with repeated 17-ketosteroid fractionations in the same individual has shown that the pattern of steroid excretion is highly reproducible in any given person. The standard deviation of the determinations on five samples from the same subject is usually about 25 per cent of the mean, so that differences of 50 per cent or more from the control are significant at the 5 per cent level. This applies whether the results are expressed as absolute quantities, or as per cent of total 17-ketosteroids.
RESULTS
The subjects all lost weight and demonstrated the fall of basal metabolic rate and respiratory quotient which has frequently been reported in starving individuals."2 The nitrogen excretion also fell, reaching a minimum value on the last day of the fast. These changes were not associated with any significant change of the serum butanol-extractable iodine concentration. These data are shown in Table 2 .
The excretion of androsterone and etiocholanolone fell significantly except in the case of B.J., whose etiocholanolone excretion fell by only about one standard deviation. The 11-oxygenated 17-ketosteroids did not change significantly during the period of fasting in one subject (R.N.), but in the other two instances the excretion was reduced, although the z N H change was barely less than twice the standard deviation. The concentration of cortisol in the plasma increased beyond the limits of normal in at least one sample taken from each subject. These data are presented in Table 3 . The total corticoid excretion did not change significantly, except in the case of R.N., who showed an impressive decrease. The sum of the zorticosteroid fractions was much less, in each instance, than the total ketogenic steroids. Since this might have reflected some destruction of steroids during the long delay in fractionating the corticosteroid metabolites, no attempt has been made to give the data (Table 4 ) quantitative significance. The distribution pattern of the various metabolites has been studied, however, and shows that no significant alteration occurred during starvation in the per cent of total corticoids excreted as tetrahydrocortisol, tetrahydrocortisone or allotetrahydrocortisol. The ratio of the total 5-beta fraction (tetrahydrocortisol plus tetrahydrocortisone) vs. the total 5-alpha fraction (allotetrahydrocortisol) was also unaffected, as was the ratio of 11-ketonic to 11-P-hydroxysteroid. The total amounts of unmetabolized cortisol were too small to permit one to draw conclusions about the fraction of secreted cortisol which was metabolized.
During realimentation, the excretion of etiocholanolone and androsterone remained low in the two subjects fed a low-carbohydrate diet, while in the one given a normal diet, they returned to control levels. The 11-oxygenated 17-ketosteroids were significantly reduced during the alimentation of all three subjects, as compared with the control period.
During realimentation the two subjects receiving a low-carbohydrate diet did not gain weight and their respiratory quotients remained depressed" although a slight rise of metabolic rate occurred. The subject receiving a balanced diet regained weight at the rate of one kilogram per day and raised his respiratory quotient to a normal level (0.85) somewhat higher than his unexpectedly low control value of 0.77.
DISCUSSION
The analytical method used for the 17-ketosteroid fractions is not entirely satisfactory in handling the least polar portions, which includes dehydroisoandrosterone and isoandrosterone. The peaks in this region which are attributed to these two steroids often, in our experience, contain large amounts of contamination when examined by infrared spectography. We therefore have decided to ignore these compounds in the present study. The identi- fication of the four 11-oxygenated 17-ketosteroids (11-keto and 11-hydroxy androsterone and etiocholanolone) is difficult in the small quantities present in these urines. Although the various peaks were analyzed separately, we decided to pool all data related to these steroids and those with the A9 artifact into a single fraction in our discussion. The rigorous nature of experiments such as these necessarily limits both the duration of the study and the number of individuals who can be studied. It is unfortunate that it was impossible to arrange for larger numbers of subjects so that a more representative sample could be obtained. The small group studied makes it necessary to speak with some caution in generalizing from this series of observations. In view of the fact, however, that others have also found reductions in the (total) 17-ketosteroids during starvation"' some confidence can be placed in the observation that the excretion of 17-ketosteroids fell during starvation. The major changes occurred in the 11-deoxy-17-ketosteroids. The apparent failure of the 11-oxygenated 17-ketosteroids to change during starvation may not be accurate, since in two of the three subjects the depression of excretion was at the border of significance. The excretion of total corticosteroids probably fell in two of the three subjects during starvation. Similar conclusions were reached by Huseby, Reed, and Smith ' and by Bloom.' This observation fits in with the data obtained from the 17-ketosteroid analyses.
In contrast to the clearcut absence of evidence of increased adrenal activity and suggestive evidence of decreased secretory rates, the plasma cortisol concentration rose significantly in all of the subjects. Similar results have been obtained by Huseby, et al.,' using a somewhat less specific method for measuring plasma 17-hydroxycorticosteroids. The interpretation of this dichotomy between the urinary and plasma steroid results is not clear. It seems unlikely, from the fractionation studies, that there was any change in the metabolism of the adrenal steroids during the experiment. The reduction in urinary nitrogen excretion, and the constant creatinine clearance, support the steroid excretion data in suggesting that neither increased adrenal secretion nor increased adrenal physiological effects were produced by starvation. The increased plasma cortisol was neither producing its usual clinical effect nor being broken down at the expected rate during this experiment. It is of interest that the plasma 17-hydroxycorticosteroids are also somewhat elevated in chronically undernourished patients with anorexia nervosa,'5 although these patients have no clinical evidence of the effects of increased adrenocortical activity. The mechanism of this reduced effectiveness of the plasma steroid is not clear, but the fact that in one instance (B.J. on the 8th day) all of the steroid was non-ultrafiltrable suggests that it may have been unusually tightly bound by plasma proteins. Under ordinary circumstances, one would have expected at least 15 per cent of the steroid to be ultrafiltrable when such high concentrations were present.'
During refeeding the 11-oxygenated fraction was depressed. The 1 1-deoxy fraction remained low in the two subjects who were fed a low-carbohydrate diet and returned to normal in the subject who ate a free diet. Whether this difference reflects the effect of the various diets or the fact that the restricted carbohydate diet was not palatable, so that the period of refeeding was really a partial continuation of starvation for the two subjects who took it, cannot now be determined.
SUMMARY
Two normal men and a normal woman fasted for 7 days. During the fasting period, the excretion of 17-ketosteroids and 17-ketogenic steroids was reduced; however, the proportions of the various steroids of both categories in the urine were unchanged. The plasma cortisol concentration rose in each instance, and was associated with increased protein binding of the steroid in the single instance where this was measured.
